The present study was conducted to investigate the effects of dietary vitamin level on sternum growth, calcification and carcass traits in meat duck. A total of 432 1-d- 
| INTRODUC TI ON
In the domestic fowl, sternum is a quadrilateral curved plate bone that extends vertically through the middle of the anterior thoracic cage, provides an anchor for the pectoral muscle (Jayachitra, Balasundaram, & Paramasivan, 2015) which is an important economic indicator of animal performance traits. Naturally, the thickness and volume of pectoral muscle are probably dependent on the sternal dimension. Frishknecht and Jull (1946) found there was a high correlation of breast meat with keel length in purebred and crossbred chickens (Frishknecht & Jull, 1946) , and longer the keel was accompanied by a relatively heavy breast meat weight for Leghorn chicks (Siegfried, 1963) . Moreover, it is special that the sternum was also considered as primary ventilator in the avian respiratory system (Claessens, 2009) , which affect air sac volume, thereby facilitating a unidirectional flow of air through the lung (Bretz & Schmidt-Nielsen, 1971; Tickle, Ennos, Lennox, Perry, & Codd, 2007) . Unqualified sternum growth and calcification usually caused duck's welfare problems such pulmonary diseases (Iyer & Rao, 1971) and ascites (Julian, 2008) . Thus, it is important to understand the sternum dimension and calcification in meat ducks.
It is well established that the bone calcification, mainly calcium (Ca) and phosphate (P) in the shape of hydroxyapatite deposited within or outside the osteoblasts, was affected by vitamins (vitamins A, D, E, K, C and certain B vitamins) (Cashman, 2007) . For example, Vitamin D has confirmed and established roles in the maintenance of proper bone health (Van Ballegooijen et al., 2015) . Insufficient vitamin D was usually characterized by inadequate mineralization of the skeleton, secondary results in rickets in children and osteomalacia in adults (Whyte & Thakker, 2009) . Vitamin K nutritional status also was linked with bone health (Szulc et al., 1994; Szulc, Chapuy, Meunier, & Delmas, 1993) through regulating the Gla-protein family, the members of which play key roles in the calcification of bone (Berkner & Runge, 2004; Shearer, 2000) . Poor vitamin K status was associated with an increased risk of fracture (Booth et al., 2003; Feskanich et al., 1999) , and sufficient vitamin K levels could improve BMD (Yonemura, Fukasawa, Fujigaki, & Hishida, 2004 ).
In addition, vitamin E that exhibiting superior antioxidant activity has been found to be effective in preventing osteoporosis (Chin & Imanirwana, 2015) , because oxidative stress damages osteoblasts and affects their differentiation and survival (Fatokun, Stone, & Smith, 2008) . Increased oxidative stress also enhances the signalling of osteoclasts and promotes their differentiation (Ha et al., 2004) .
Emerging evidence in groups of healthy individuals also suggests a protective association of certain B Vitamins, in particular Vitamin B12 and folic acid, which improves the microarchitecture and decreases bone fragility (Fratoni & Brandi, 2015) . For this reason, we hypothesize that optimal vitamin level appropriately was favourable to sternum health.
However, vitamin requirements of poultry have been rarely examined in the recent decades. The vitamin levels recommended by the National Research Council (NRC, 1994) are often criticized for bearing little relationship with the levels currently used in the industry. Therefore, higher than National Research Council (NRC, 1994) levels of vitamins, especially vitamins A, C, D and E, have many times been recommended, especially DSM vitamin guideline (DSM, 2016) .
Previous studies found that DSM vitamin level (2016) increased antioxidant status of eggs and breeder males and increased hatchability compared with the NRC vitamin levels (1994) (Ren, Jiang, et al., 2016) , more important, maternal DSM vitamin level could improve growth performance and antioxidant status of ducklings . However, the effect of dietary high-vitamin level on sternum is still blank for meat duck. Considering that the goal of vitamin regimen is to optimize health, welfare and nutritional products rather than simple production in modern duck industry, the dietary vitamin premixes for sternum health should be seriously reconsidered. Therefore, the objectives of our study were to evaluate the effects of vitamin level supplementation on growth performance, carcass trait and sternum calcification for meat ducks. (NRC, 1994) . All ducks were fed with the same basal diet supplemented except vitamin levels. Feed was supplied in pellet form, and the diameter of the pellets was 2 mm in the starter and 3 mm in the grower diet. All ducks were reared in pens in a temperature-and humidity-controlled room, the dimension of floor pen was 220 × 120×90 cm (length ×width × height), and the floor of the pens was equipped with one of each bell drinker and one hanging suspended feeder until the end of the experimental period. During the whole rearing period, ducks had free access to water and feed. Body weight (BW) and feed intake (FI) were measured weekly for each pen. Feed conversion was calculated as the feed to gain (G: F) ratio.
| MATERIAL S AND ME THODS

| Animals, diets and experimental design
| Sample collection
At 49 d of age, ducks were selected according to average body weight, fasted for 12 hr, the recorded for body weight. Twenty-four male ducks (1male per pen) were randomly selected for blood sampling via the jugular vein. Blood was centrifuged at 3,500 g/15 min at 4°C, and serum was prepared for the determination of serum Ca, P, alkaline phosphatase (ALP) activity and tartrate-resistant acid phosphatase (TRAP) activity analysis, and then, these ducks were sacrificed through cervical dislocation; the sternums were removed, cleared carefully all the pectoral muscle and connective tissue and rinsed with ice-cold 0.9% saline to remove remains, and the sternum morphometry was immediately measured by vernier caliper, and then, the sternum was collected for sternum defatted weight, density, ash, Ca and P contents determination.
| Carcass traits
The slaughter trials were conducted according to previously described processes (Wang et al., 2013) . At 49 d of age, following 12-hr fasting, 24 male ducks (1 male per pen) were selected based on average body weight, they all were individually weighed, and sacrificed by cervical dislocation, subsequently bled for 5 min, then defeathered after being submerged in hot water at 60℃ for 2 min, and eviscerated. The carcass weight was calculated by subtracting the weight of feathers and blood from the live weight. The half-eviscerated weight was calculated by subtracting the weight of trachea, oesophagus, intestines, spleen, pancreas and reproductive organs from the carcass weight. The eviscerated weight was calculated by subtracting the weight of glandular stomach, gizzard, liver, lung, heart and abdominal fat from the half-eviscerated weight. Meanwhile, the breast muscle (including pectoralis major and minor) was removed from the 
| Sternum morphometry
Every sternum, five parameters were obtained according to Table 2 .
Namely, measurements were taken of the distance between the two coracoids of the sternum, sternum central distance, posterior process distance, sternum length and sternum height in accordance with the diagram in Figure1a,b. All measurements were straightline distances measured with the stainless steel electronic vernier caliper, and all sternum parameters were presented as the relative length per 100 g body weight. In addition, the relative proportions of the keel cartilage were determined as shown in Figure 1c .
| Sternum weight, volume and density
After sternum morphometry analysis, the water on sternum surface was sucked with absorbent paper, and subsequently, the fresh weight was acquired. The sternum was defleshed manually, and then, these body parts were air-dried for 24 hr at room temperature and defatted to determine sternum defatted weight according to the procedures of AOAC (Chemists & Cunniff, 1995) . The sternum density was assessed based on a modified method described by Zhang et al. (2017) . Briefly, the sternum was cut open longitudinally along the keel and removed the bone cavities fluid with absorbent paper, and then the volume was measured and expressed on the basis on the quantum of water overflowing from a fully filled container when measured sternum is inserted in 100-ml measuring cylinders, thus, the sternum density (g/cm 3 ) was calculated via the Sternum defatted weight (g)/Sternum volume(cm 3 ).
| Sternum ash, Ca and P
Sternum ash, Ca and P were determined according to AOAC International (2006) . Briefly, dry-defatted sternum was ashed in a muffle furnace at 550°C for 24 hr and the ash was measured on the basis of the percentage of dry-defatted weight. Ca and P contents were determined through EDTA titration and ammonium metavanadate colorimetry, respectively, and values were presented as the basis of dry-defatted weight. 
| Blood Ca and P analyses
| ALP and TRAP activity analyses
The serum ALP activity and TRAP activity were measured using a modification of the method reported by Tietz et al (1983) and Hayman and Cox (1994) respectively. Briefly, the serum ALP activity was determinated by colorimetry after conversion of p-nitrophenylphosphate (pNPP), to p-nitrophenol and monitored at 405 nm using a Gemini XPS Microplate Reader (Molecular Devices, LLC.
Sunnyvale. USA). The TRAP activity also was measured colorimetric by conversion of pNPP in the presence of disodium tartrate. Kits for ALP and TRAP used in this trial were obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, Jiangsu Province, P. R.
China).
| Statistical analysis
Data were analysed by one-way ANOVA using the Glimmix procedure of SAS 9.2 (SAS Institute). The individual animal served as 
F I G U R E 2
| RE SULTS
| Growth performance
The results for diet vitamin level for performance parameters are shown in Table 3 . High vitamin premix increased the BW at 49 d (p = 0.029), while the dietary vitamin premix did not alter (p > 0.05) the body weight at 14d and 35d, BWG, and G: F ratio.
| Carcass traits
The carcass composition is shown in Table 4 . In relation to the lowvitamin level group, the increase of vitamin level did not significantly change the carcass trait, including dressing percentage, half-eviscerated percentage, eviscerated percentage and pectoral muscle percentage. 
| Sternum morphometry
| Sternum weight, volume and density
Compared with the low-vitamin level group, dietary high-vitamin level addition increased sternum defatted weight (p = 0.036) and density (p = 0.018) (Figure 4b,d ), but this effect was not observed in the sternum fresh weight and volume (p > 0.05) (Figure 4a,c) .
| Sternum ash, Ca and P
High-vitamin level greatly increased the sternum ash (p = 0.008), the sternum Ca concentration (p = 0.042) and sternum P level (p = 0.026) of meat duck ( Figure 5 ). However, no remarkably difference was found in medium-vitamin level group and high-vitamin level group (p > 0.05) (Figure 5 ).
| Serum biochemical parameters
Serum Ca and P level of meat duck were greatly increased (p < 0.05) ( 
| D ISCUSS I ON
Vitamin plays an important role in animal growth performance, bone mineralization and animal welfare. In poultry industry, the vitamin level has been used according to the recommendation of NRC (1994) or some commercial guidelines such as DSM vitamin supplementation guidelines (DSM, 2016) . However, the effect of vitamin level on sternum growth and calcification has been rarely studied in meat ducks. Here, principal outcomes from this study were that high-vitamin level has no significant effect on the carcass traits and growth performance except increased BW at 49 d, and the supplementation of high-vitamin level in the diet could promote the sternum calcification but suppress the sternum length and height for 49-day-old meat duck.
The effect of vitamin level in poultry diets on performance remains controversial. Khajali, Khoshoei, and Moghaddam (2007) reported that removing vitamin from broiler diets from 28 to 49 days of age had a little impact on growth performance, the It should be emphasized that the low-vitamin level group (70% NRC vitamin level) did not alter the growth performance partly due to the diet, which may contain quantities of vitamins sufficient to meet or exceed the minimum recommended needs and/or the vitamin recommend levels in NRC (1994) extremely higher the minimum requirement in meat duck (Moravej et al., 2013) .
Lower level of vitamins in diets than NRC (1994) recommendation has many times been reported to reveal no remarkable effects on carcass yield and percentages of breast and thighs of broiler chickens (Khajali et al., 2007; Maiorka et al., 2002) . Similarly, in the current study, the vitamin level had no effects on the carcass trait including dressing percentage, half-eviscerated percentage, eviscerated percentage and pectoral muscle percentage. It is well established that the sternum extends vertically through the middle of the anterior thoracic cage and provides an anchor for the pectoral muscle (Jayachitra et al., 2015) , and the thickness and volume of pectoral muscle were probably dependent on the sternal dimension (Frishknecht & Jull, 1946) . Longer the keel was accompanied by a relatively heavy the pectoralis major for Leghorn chicks (Siegfried, 1963) . The present study found that the coracoid distance, sternum central distance, posterior process distance did not differ with vitamin addition, while supplementation of high-vitamin level significantly decreased the sternum length and height in relation to the low-vitamin level group (Figure 2) . In other words, the decreased sternum length is not accompanied by a declined pectoral muscle percentage in this study. So that the detain mechanism of sternum dimension on the pectoral muscle percentage is not clear, and it still remains to be elucidated.
With the change of production goal in modern duck industry, the dietary vitamin regimen should be highlighted. In avian species, the sternum, apart from providing anchor for pectoral muscle, is tightly related to respiratory system (Claessens, 2009) . Therefore, we examined the effect of vitamin level on sternum calcification in this study. As increased sternum defatted weight, density, ash, Ca and creted by osteoblasts and not osteocytes (Hessle et al., 2002) . It is generally accepted that the osteoblasts and osteoclasts were subtle regulated to allow harmonic growth and adaptation to mechanical loading (Baldock et al., 2006) . The serum TRAP, a marker of osteoclast, plays a central role in bone resorption (Shidara et al., 2008) .
Interestingly, we found no significant difference in the serum TRAP activity between the three vitamin level groups. Combined with the ALP activity and TRAP activity, we boldly suspected that ALP activity was preferred over TRAP activity by the increase of vitamin level, which subsequently altered the balance of osteoblasts and osteoclasts to promote the sternum calcification in medium-and high-vitamin level compared with the low-vitamin level group.
Furthermore, the fat-soluble and water-soluble vitamins both play critical role in bone mineralization, medium-and high-vitamin level accelerated the sternum calcification probably attributed to increasing fat-soluble and water-soluble vitamins levels, especially, vitamin D and vitamin K. Composition of the three vitamin level group showed that the increasing rates of vitamin D and vitamin K were the top 2 higher than other vitamins change in relation to the low-vitamin level group (Table 5 ). Research has shown that vitamin D is essential for Ca and P absorption and bone mineralization, which is positively associated with BMD (Van Ballegooijen et al., 2015) . This is highly consistent with the current observation on serum Ca and P of meat duck ( Figure 5 ). In this regard, the higher content of serum Ca and P with high vitamin premix may be due to higher vitamin D content, subsequently abundance of serum Ca and P was absorbed into the sternum and accelerated the sternum calcification. Vitamin K was found that it could be an essential cofactor in the synthesis of the Gla-protein family to regulate bone metabolism and soft-tissue calcification (Berkner & Runge, 2004; Shearer, 2000) . Sufficient vitamin K levels could improve BMD (Yonemura et al., 2004) , which probably induces a higher calcification in high-vitamin level. In addition, in this study, the improvement sternum calcification induced by high-vitamin level may also be explained by water-soluble vitamins levels. Certain B vitamins have demonstrated promising potential as an osteoporosis-preventing agent, in particular vitamin B12 and folic acid, which improves the microarchitecture and decreases bone fragility (Fratoni & Brandi, 2015) . Besides, vitamin A, vitamin E and other vitamins were also indicated increase with different multiples in the three vitamin level groups, especially vitamin A. But Lind et al (2013) found that vitamin A negatively regulated the osteoblast mineralization (Lind et al, 2013) . Thus, the positive role of supplementation of high-vitamin level in the sternum calcification of meat duck was a comprehensive result came from many vitamins' interaction, the definite mechanism and the interaction of vitamins is not completely clear, and further studies need to conduct in future.
In conclusion, high-vitamin level has no effect on the duck carcass trait and growth performance but increased BW at 49 d. And the supplementation of medium-or high-vitamin level in the diet could promote the sternum calcification, although it suppresses the sternum length and height for 49-day-old meat duck. . 
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